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Final Progress Report 

Quantum Optics with Laser Cooled and Trapped Atoms 

H. J.  Kimble, Principal Investigator 

A. Statement of Problem Studied 
The principal objective of this research program has been to exploit the unique 

properties of laser cooled and trapped atoms for diverse investigations in optical physics. 
At one extreme, it has been possible to isolate a single neutral atom within a volume of 
roughly (100|im)3 for a mean interval of a second.[1] At the other extreme, the high density 
and low temperatures of an atomic vapor in a magneto-optical trap ("MOT") enables unique 
spectroscopic studies with high signal-to-noise ratio and small residual Doppler 
broadening.[2] 

B. Summary of Significant Results 
Perhaps the most important result obtained as part of the research program has been 

the isolation of a single atom in a MOT, as described in publication [1]. For this work, 
fluorescence from Cesium atoms in a MOT is detected under conditions of very low 
background density. Discrete steps are observed in the fluorescent signal and are 
associated with the arrival and departure of individual atoms in the trap. These 
observations are the first such measurements for individual atoms and provide an enabling 
capability for diverse investigations in optical physics with single atoms, including research 
in the areas of quantum logic and measurement, and in cavity quantum electrodynamics. 

A second significant accomplishment has been the utilization of a trapped sample 
for high resolution spectroscopic studies of atomic structure. In particular, the work 
reported in publication [2] determines the hyperfine structure of the 6D5/2 level in atomic 
Cesium at a level of 1%, which represents an approximate 30-fold improvement over a 
prior measurement made by level-crossing spectroscopy in a vapor cell. With this 
information about the structure of the 6D5/2 level in hand, a variety of nonlinear 
spectroscopic possibilities have emerged, including the use of the 6S1/2 -> 6P3/2-> 6D5/2 
transition for two-photon excitation with nonclassical ("squeezed") light and the 
exploitation of the trapped atomic sample for nonlinear mixing and demodulation of tera- 
Hertz frequency offsets. 
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1. "Observation of a single atom in a magneto-optical trap," Z. Hu and H. J. Kimble, 
Optics Letters 19, 1888 (1994). 
2. "Two-photon spectroscopy of the 6S1/2 -> 6D5/2 transition of trapped atomic cesium," 
N. Ph. Georgiades, E. S. Polzik, and H. J. Kimble, Optics Letters 19, 1474 (1994). 
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